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1
USER INTERFACE FOR ELECTRONIC
DEVICES AND METHODS THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Divisional of, and claims priority to,
U.S. patent application Ser. No. 13/611,682, filed on Sep. 12,
2012, entitled “USER INTERFACE FOR ELECTRONIC
DEVICES AND METHODS THEREFOR?”, the disclosure
of which is incorporated by reference herein in its entirety.

BACKGROUND

1. Technical Field

This invention relates generally to electronic devices, and
more particularly to user interfaces for electronic devices.

2. Background Art

Compact portable electronic devices are becoming
increasingly popular. As more and more users carry these
electronic devices, manufacturers are designing smaller
devices with increased functionality. By way of example, not
too long ago a mobile telephone was a relatively large device,
and its only function was that of making telephone calls.
Today, however, mobile telephones fit easily in a shirt pocket
and often include numerous “non-phone” features such as
cameras, video recorders, games, web browsers, and music
players.

Just as the feature set included with compact portable elec-
tronic devices has become more sophisticated, so too has the
hardware itself. Most portable electronic devices of the past
included only manually operated buttons. Today, however,
manufacturers are building devices with “touch sensitive”
screens and user interfaces that include no physical buttons or
keys. Instead of pressing a button, the user touches “virtual
buttons” presented on the display to interact with the device.

Despite the convenience and flexibility of these devices,
many users today still prefer the familiarity of a more classic
user interface. Some find the non-responsive touch screen
user interfaces cumbersome to operate and prefer, for
example, a more traditional keyboard. While some electronic
devices allow a conventional keyboard to be coupled as a user
interface, prior art keyboard technology results in large form-
factor designs. Users generally do not want to carry large
keyboards along with their compact electronic device. As a
result, such keyboards are relegated to limited usage. It would
be advantageous to have an improved user input device.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, where like reference numerals
refer to identical or functionally similar elements throughout
the separate views and which together with the detailed
description below are incorporated in and form part of the
specification, serve to further illustrate various embodiments
and to explain various principles and advantages all in accor-
dance with the present invention.

FIG. 1 illustrates one embodiment of an electronic device
having an explanatory user input device configured in accor-
dance with one or more embodiments of the invention.

FIG. 2 illustrates one embodiment of an interface periph-
eral in operation with an electronic device, the interface
peripheral having an explanatory user input device config-
ured in accordance with one or more embodiments of the
invention.
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FIG. 3 illustrates an exploded view of one explanatory user
interface configured in accordance with one or more embodi-
ments of the invention.

FIG. 4 illustrates an exploded view of another explanatory
user interface configured in accordance with one or more
embodiments of the invention.

FIG. 5 illustrates one explanatory circuit operable with a
user interface configured in accordance with one or more
embodiments of the invention.

FIG. 6 illustrates one explanatory circuit configured in
accordance with one or more embodiments of the invention,
operable with a user interface, and configured in a sensing
mode.

FIG. 7 illustrates one explanatory circuit configured in
accordance with one or more embodiments of the invention,
operable with a user interface, and configured in a driving
mode.

FIG. 8 illustrates a sectional view of one explanatory user
interface configured in accordance with one or more embodi-
ments of the invention.

FIG. 9 illustrates one explanatory method of operating a
user interface in accordance with one or more embodiments
of the invention.

Skilled artisans will appreciate that elements in the figures
are illustrated for simplicity and clarity and have not neces-
sarily been drawn to scale. For example, the dimensions of
some of the elements in the figures may be exaggerated rela-
tive to other elements to help to improve understanding of
embodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

It should be observed that the embodiments described
above reside primarily in combinations of method steps and
apparatus components related to operating a user input device
structure having multiple layers, a coil corresponding to user
input locations, and a magnetically permeable material for
both sensing user input and delivering a haptic response when
driven by the coil. Any process descriptions or blocks in flow
charts should be understood as representing modules, seg-
ments, or portions of code that include one or more executable
instructions for implementing specific logical functions or
steps in the process. Alternate implementations are included,
and it will be clear that functions may be executed out of order
from that shown or discussed, including substantially concur-
rently or in reverse order, depending on the functionality
involved. Accordingly, the apparatus components and
method steps have been represented where appropriate by
conventional symbols in the drawings, showing only those
specific details that are pertinent to understanding the
embodiments of the present invention so as not to obscure the
disclosure with details that will be readily apparent to those of
ordinary skill in the art having the benefit of the description
herein.

It will be appreciated that embodiments of the invention
described herein may be comprised of one or more conven-
tional processors and unique stored program instructions that
control the one or more processors to implement, in conjunc-
tion with certain non-processor circuits, some, most, or all of
the functions of the user interface embodiments described
herein. As such, these functions may be interpreted as steps of
a method to sense user input, operate a user interface, and/or
deliver haptic feedback through a user interface. Alterna-
tively, some or all functions could be implemented by a state
machine that has no stored program instructions, or in one or
more application specific integrated circuits (ASICs), in
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which each function or some combinations of certain of the
functions are implemented as custom logic. Of course, a
combination of the two approaches could be used. Thus,
methods and means for these functions have been described
herein. Further, it is expected that one of ordinary skill, not-
withstanding possibly significant effort and many design
choices motivated by, for example, available time, current
technology, and economic considerations, when guided by
the concepts and principles disclosed herein will be readily
capable of generating such software instructions and pro-
grams and ICs with minimal experimentation.

As used in the description herein and throughout the
claims, the following terms take the meanings explicitly asso-
ciated herein, unless the context clearly dictates otherwise:
the meaning of “a,” “an,” and “the” includes plural reference,
the meaning of “in” includes “in”” and “on.” Relational terms
such as first and second, top and bottom, and the like may be
used solely to distinguish one entity or action from another
entity or action without necessarily requiring or implying any
actual such relationship or order between such entities or
actions. Also, reference designators shown herein in paren-
thesis indicate components shown in a figure other than the
one in discussion. For example, talking about a device (10)
while discussing figure A would refer to an element, 10,
shown in a figure other than figure A.

Various embodiments describe and illustrate a compact
user interface, suitable for use with an electronic device or a
peripheral device that is operable with an electronic device,
which provides a more traditional “legacy” keyboard feel.
Embodiments include an electromechanical user interface
design that can both sense user input and deliver tactile feed-
back similar to that of a conventional keypad or keyboard
while maintaining a very slim form factor that is suitable for
use with modern, compact, electronic devices. In short,
embodiments described below provide a conventional user
interface experience with an interface peripheral that is very
thin, simple, and compact.

In one embodiment, a user interface for an electronic
device includes a layered structure defining one or more keys.
Thelayered structure includes at least a top layer, abase layer,
and an interior layer that is disposed between the top layer and
the base layer. Using magnetic fields to both sense user input
and deliver the haptic feedback, a magnetically permeable
path is defined by magnetically permeable material that is
selectively disposed in each of the top layer, the base layer,
and the interior layer. A substrate layer, disposed between the
top layer and the base layer, then includes electrical conduc-
tors that define a coil corresponding to each user interface
target on the device. For example, if the device is configured
as a conventional QWERTY keypad, each of the “keys” on
the device would have a coil corresponding thereto.

One of the layers in the structure can be manufactured as a
pliant layer. For example, in one explanatory embodiment,
the interior layer is configured as a thermoplastic polyure-
thane layer that can compress and relax between the top layer
and the base layer. Additionally, one of the layers in the
structure can be designed so as to define an air pocket beneath
each one of the user actuation targets. [llustrating by example,
in one explanatory embodiment the interior layer defines a
plurality of apertures, with each aperture corresponding to a
user actuation target. Thus, if the device is configured as a
conventional QWERTY keypad, an air gap established by an
aperture would correspond to each individual “key.”

The coil of the substrate layer, working in tandem with the
magnetically permeable path defined by the magnetically
permeable material disposed in the other layers, defines an
inductance. When a user applies a force to a user actuation
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target, the pliant layer compresses, thereby changing the
length of the magnetically permeable path by altering the
volume of'the air gap. A control circuit, operable with the coil,
is configured to sense this change in path length by sensing a
change in inductance. Once this change is greater than a
predetermined threshold, the control circuit determines the
change as being in response to user input.

To provide a true haptic response, upon detecting the user
input, the control circuit then closes a switch between an
energy storage device—one example of which is a capaci-
tor—that is selectively operable with the coil. The closing of
this switch causes energy stored in the energy storage device
discharge into the coil, which induces a magnetic field in the
magnetically permeable path. This field then causes a sudden
compression of the air gap and pliant layer by solenoid action
to provide a tactile “click” back to the user. Once the tactile
response has been delivered, the control circuit can open the
switch, thereby allowing the pliant layer to relax and the air
gap to return to its original state. The control circuit can then
again begin monitoring for the next user input.

In one or more embodiments, the user interface is config-
ured as a keypad that can use mechanical pressure and induc-
tive sensing to determine user input. The same inductive
circuit, operable with a pliant layer, can then be driven by
discharging stored energy into the circuit to deliver haptic
responses to the user. Pliant materials suitable for use with the
device include the thermoplastic polyurethane mentioned
above, but can also include rubber, silicone, or polymer mate-
rials. The layers of the user interface can be made very thin.
The user actuation targets can be configured to replicate tra-
ditional key structures, but may also take any of variety of
customized shapes, including semi-spherical, triangular,
rectangular, and so forth. When the “keys,” which are not
traditional keys but are instead defined areas disposed along
the top layer, are pressed, a change in inductance is sensed.
Tactile responses are then delivered by compression and
release of the pliant material. Embodiments of the invention
can be configured as separate peripheral devices operable
with an electronic device, but can also be integrated into the
main electronic device. The user interfaces described herein
are simple to manufacture, provide simple user input detec-
tion, are thin, and can be used to create single keys or multi-
ley keypads. Moreover, embodiments of the invention pro-
vide the same “popple” feedback that is felt with a more
traditional mechanical dome structure and is lacking in many
modern electronic devices.

Turning now to FIG. 1, illustrated therein is one embodi-
ment of an electronic device 100 that includes a user interface
101 configured in accordance with one or more embodiments
of the invention. The electronic device 100 can be any of a
variety of devices, including mobile telephones, smart
phones, palm-top computers, tablet computers, gaming
devices, multimedia devices, and the like. In the illustrative
embodiment of FIG. 1, the user interface 101 defines or more
keys, e.g., keys 102,103,104, along a major face 105 of the
electronic device 100.

As will be described in more detail below with reference to
FIGS. 3 and 4, in one embodiment each key of the user
interface 101 comprises a base layer, an interior layer, and a
top layer. One of these layers is compressible. In one embodi-
ment, the interior layer is compressible, although the base
layer, top layer, or combinations thereof may also be com-
pressible.

In one or more embodiments, each of the base layer, the
interior layer, and the top layer comprises a magnetically
permeable material. One example of a magnetically perme-
able material is a powdered ferrite (nickel-zinc, iron oxide, or
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manganese-zinc) material that is selectively integrated with
the top, interior, and base layers. Other magnetically perme-
able materials suitable for use with embodiments of the
invention include mu-metal, permalloy, electrical steel, steel,
nickel, platinum, or aluminum. The selectively deposited
magnetically permeable material defines a path for each key
through which a magnetic field may be supported.

A coil is disposed along a substrate layer. In one embodi-
ment, the substrate layer is devoid of magnetically permeable
materials and thus defines a small gap in the magnetic path
defined by the magnetically permeable materials. A coil dis-
posed along the substrate layer is configured to create a mag-
netic field through the path. In so doing, the coil and path
define an inductance for each key.

A control device operable with the coil is then configured
to detect changes in the inductance when the path is
deformed. For example, as shown in FIG. 1, a user 106 is
placing his finger 107 against a key 108. This causes the
compressible layer to slightly compress, thereby changing
the shape, length, or combinations thereof, of the path. The
control device compares the change in inductance to a thresh-
old to filter out noise signals. Where the change is greater than
a predetermined threshold, such as greater than 1-2 mH, the
control device concludes that the user 106 has affirmatively
delivered input to the user interface 101. Accordingly, the
control device discharges an energy storage device, which is
operable with the coil, into the coil.

This discharge energizes the path, effectively causing it to
function as an electromagnet. The air gap corresponding to
the key 108 is then compressed when the flux applied to the
path causes the top magnetically permeable material to be
attracted toward the coil. This causes the key 108 to “close”
by compressing the compressible material. The closing of the
key 108 causes an initial haptic response 109 to be delivered
to the user’s finger 107. The key 108 then is released when the
flux from the coil ceases. The attraction of the magnetically
permeable material ceases and the key “opens.” A “popple”
response is thus created by the closing and opening of the key
108.

Turning now to FIG. 2, illustrated therein is another user
interface 201 disposed within an interface peripheral 220
configured in accordance with one or more embodiments of
the invention. As shown in FIG. 2, the interface peripheral 220
is operating in tandem with an electronic device 200. The user
interface 201 of FIG. 2 is constructed much like the user
interface (101) of FIG. 1, in that it includes a top layer, a base
layer, and an interior layer disposed between the top layer and
the base layer. Further, each of the top layer, the base layer,
and the interior layer comprise a magnetically permeable
material, and atleast one of the top layer, the base layer, or the
interior layer comprises a pliant material. A substrate layer is
disposed between the top layer and the base layer. The sub-
strate layer comprises an electrical conductor defining a coil
corresponding to each key. A control unit is operable with the
coil and an energy storage device. The control unit is config-
ured to detect a change in inductance when the pliant material
is compressed as a result of a user 206 applying force to auser
input element 208. Where the change is greater than a pre-
defined threshold, the control unit is configured to discharge
the energy storage device into the coil to provide a haptic
feedback 209 to the user 206 from the user interface 201.

The explanatory interface peripheral 220 of FIG. 2 is con-
figured as a folio, with the folio serving as a housing for both
the user interface 201 and the electronic device 200. A folio
configuration is but one configuration suitable for user inter-
faces configured in accordance with embodiments of the
invention, as others will be readily apparent to those of ordi-
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nary skill in the art having the benefit of this disclosure as
well. Illustrating by example, the interface peripheral 220
could be configured as a stand-alone device that communi-
cates with the electronic device 200 via wireless communi-
cation, such as a wireless keypad.

In this illustrative embodiment, a bus 221 conveys elec-
tronic signals between the electronic device 200 and the user
interface 201. The folio configuration shown in FIG. 2
includes a dock 222 configured to couple to the electronic
device 200. Folio configurations are convenient peripheral
uses for the user interfaces described herein, as the folio can
be configured to retain both the user interface 201 and the
electronic device 200 within the confines of the folio. Further,
the folio provides the user a choice of whether to use the user
interface 201, or alternatively to detach the electronic device
200 from the folio and use the user interface disposed on the
electronic device 200. Further, the user 206 can simply unfold
the folio to use the user interface 201 and electronic device
200, while folding the folio results in both devices being
contained within the outer folio layer, thus protecting the user
interface 201 and electronic device 200 from outside debris.

A plurality of user input elements, e.g., user input elements
223,224,225,226, 227, 228, are disposed along a major face
205 of the interface peripheral 220. Each user input element
223,224,225,226,227, 228 is slightly moveable along a first
axis due to the inclusion of the compressible layer in the
layered structure of the user interface 201. In this illustrative
embodiment, the interface peripheral 220 is configured as a
QWERTY keypad, with each user input element 223, 224,
225,226, 227, 228 being configured as a key. Other configu-
rations, including a musical keyboard, gaming keyboard, or
learning keyboard, will be obvious to those of ordinary skill in
the art having the benefit of this disclosure.

The control unit initially polls each user input element 223,
224,225,226,227, 228 to check whether an electrical param-
eter changes. In one embodiment, the electrical parameter is
inductance. However, other electrical parameters can be used,
including resistance, current, capacitance, voltage, and so
forth.

The user 206 actuates one or more of the user input ele-
ments 223, 224, 225, 226, 227, 228 by applying pressure
thereto, thus moving a selected user input element 208 along
the first axis. Sufficient movement of the user input element
208 along the first axis causes a change in electrical parameter
to be sensed by the control unit. The actuation by the user 206
also causes the volume of an air gap disposed beneath the user
input element 208 to reduce. Once this reduction exceeds a
predetermined threshold, the control unit recognizes the user
input as a “key event.” At this point, the effective electromag-
net created by the magnetically permeable material and the
coil is energized by discharging an energy storage device into
the coil. This causes user input element 208 to accelerate
along the first axis, thereby causing the user input element
208 to “close.” This causes the first “popple” effect, which is
illustrated as haptic feedback 209 in FIG. 2. Following this,
the effective electromagnet defined by the magnetically per-
meable material and the coil is de-energized, thereby releas-
ing the user input element 208. The user input element 208
then accelerates in the negative direction along the first axis in
response to the relaxation of the compressible material to
return to its normally open position. This simulates the
“popple” effect, which forms an additional portion of haptic
feedback 209.

Turning now to FIG. 3, illustrated therein is an exploded
view of one explanatory user interface 301 configured in
accordance with one or more embodiments of the invention.
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The user interface 301 of FIG. 3 comprises a structure having
one or more layers that are stacked vertically to form the
overall user interface 301. The user interface 301 of FIG. 3
has been built and tested in the lab, and delivers a realistic and
satisfying tactile feedback while remaining very thin in con-
struction.

The illustrative user interface 301 of FIG. 3 includes a top
layer 331 and a base layer 335. The top layer 331 defines one
or more keys 302,303,304 and can be rigid or flexible. For
example, in an embodiment that was experimentally tested in
the lab, the top layer 331 was manufactured from thin steel.
Other materials, including plastics, films, pliant materials,
rubbers, and so forth, could be used for the top layer 331 as
well. To provide motion between the various keys 302,303,
304, one or more optional apertures 314 may be placed
between the keys 302,303,304.

The base layer 335, in one embodiment, is manufactured
from a rigid material. Using a rigid material provides
mechanical support for the overall user interface 301. While
a rigid material is preferred in some applications, it will be
clear to those of ordinary skill in the art having the benefit of
this disclosure that other applications may prefer a soft, flex-
ible, or pliant material be used for the base layer 335.

In this illustrative embodiment, the base layer 335 com-
prises a magnetically permeable material. Magnetically per-
meable material is indicated by the dotted portions of FIG. 3.
In one embodiment, the magnetically permeable material is
ferrite. Accordingly, the base layer 335 of FIG. 3 can be
formed by a solid layer of ferrite material. While a solid ferrite
layer is one suitable base layer 335, ferrite or other magneti-
cally permeable segments corresponding to each key 302,
303,304 could be integrated into another material, such as a
plastic layer, to form an alternate base layer 335. Moreover,
the base layer 335 may be manufactured from plastic, with
ferrite or other magnetically permeable segments corre-
sponding to each key being integrated therein. Such an
embodiment will be shown in FIG. 4 below.

Disposed between the top layer 331 and the base layer 335
is an interior layer 332. In one or more embodiments, at least
one of the base layer 335, the top layer 331, and the interior
layer 332 will be manufactured from a pliant material and
will, accordingly, be compressible. If a soft, rubbery-feeling
user interface is desired, the top layer 331 can be pliable for
example. Similarly, if the user interface 301 is configured as
a stand-alone device with a pigtail connector for coupling to
an electronic device, a no-skid base layer may be desired. In
such an application, the base layer 335 can be pliant. Of
course, combinations of layers could be pliant as well.

In the illustrative embodiment of FIG. 3, the interior layer
332 is pliant and the top layer 331 and base layer 335 are both
rigid. The interior layer 332 of FIG. 3 is made from thermo-
plastic polyurethane. However, other pliant materials for the
intermediate layer could be substituted as noted above.

The illustrative interior layer 332 of FIG. 3 defines one or
more air gaps 305,306,307 that correspond to the keys 302,
303,304. In this embodiment, a single air gap corresponds to
a single key. For example, air gap 305 corresponds to key 302.
In other embodiments, multiple air gaps will correspond to a
single key. For example, rather than having a single air gap
306 disposed beneath it, key 303 may have a group of air gaps
disposed beneath it.

In this illustrative embodiment, the air gaps 305,306,307
are created by apertures formed within the interior layer 332.
The air gaps 305,306,307 could alternatively be formed by
sealed bubbles disposed beneath the keys 302,303,304. As
will be shown in FIG. 4 below, the air gaps 305,306,307 need
not be formed by the interior layer 332. Other layers can form
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the air gaps 305,306,307 as well. Accordingly, any of the top
layer 331, the interior layer 332, the base layer 335, or the
other layers can define the air gaps 305,306,307.

In the illustrative embodiment of FIG. 3, both the top layer
331 and the interior layer 332 comprise selectively deposited
magnetically permeable materials 308,309. For example, the
keys 302,303,304 defined along the top layer 331 can be
formed by integrating magnetically permeable material 308
into the top layer 331 to define key 302. In one or more
embodiments, the magnetically permeable material 308 in
the top layer 331 defines an electromagnet corresponding to
each key 302,303,304. This can be accomplished, in one
embodiment, by incorporating ferrous material into the mag-
netically permeable material.

Similarly, magnetically permeable material 309 can be
integrated into the interior layer 332 as well. In this illustra-
tive embodiment, the magnetically permeable material 309
integrated into the interior layer 332 circumscribes a corre-
sponding aperture defining air gap 305.

When the layers are stacked together, the magnetically
permeable materials define closed paths capable of support-
ing magnetic fields therein. For example, when the interior
layer 332 is set between the top layer 331 and the base layer
335, the magnetically permeable material 308 in the top layer
331 defining key 302, the magnetically permeable material
309 circumscribing air gap 305 in the interior layer 332, and
the ferrite in the base layer 335 form a closed loop 310
capable of supporting a magnetic field.

The magnetic field can be induced, in one embodiment, by
a coil 311 disposed on a substrate layer 333 that is disposed
between the top layer 331 and the base layer 335. In one
embodiment, coils correspond to keys on a one-to-one basis.
For example, as shown in FIG. 3, coil 311 corresponds only to
key 302. However, in other embodiments, each key can cor-
respond to multiple coils.

In one or more embodiments, the substrate layer 333 is a
flexible circuit layer, such as a layer of Kapton.sup.™ having
electrical conductors configured as traces disposed thereon.
Note that in one or more embodiments, the substrate layer 333
is devoid of any magnetically permeable materials. As such,
the disposition of the substrate layer 333 between the base
layer 335 and the top layer 331 creates a gap in the closed loop
310. Experimental testing has shown that the slight gap intro-
duced into the closed loop 310 does not significantly intro-
duce any magnetic reluctivity into the closed loop 310. The
closed loop 310 of magnetically permeable materials of the
various layers and the coil 311 define an inductance.

A control unit 312 is operable both with the coil 311 and an
energy storage device 313. The control unit 312 can be a
microprocessor, programmable logic, application specific
integrated circuit device, or other similar device. The control
unit 312 is capable of executing program instructions, such as
those shown in the method of FIG. 10. The program instruc-
tions may be stored either in the control unit 312 or in a
memory (not shown) or other computer readable medium
operable with the control unit 312.

In one embodiment, the energy storage device 313 is a
capacitor. However, it will be obvious to those of ordinary
skill in the art that other devices may be used as energy
storage device 313. For example, in one embodiment, the
energy storage device 313 comprises a rechargeable electro-
chemical cell. In another embodiment, the energy storage
device 313 comprises a supercapacitor.

In one or more embodiments, the energy storage device
313 is considered to be “selectively” operable with the coil
311 in that the control unit 312 can selectively couple the
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energy storage device 313 to the coil 311 via a switch. This
will be described in more detail with reference to FIGS. 5-7.

In one embodiment, each coil 311 has a corresponding
energy storage device 313. In other embodiments, one energy
storage device is operable with multiple coils. In yet other
embodiments, all coils are operable with a single energy
storage device. The choice will be left to the designer depend-
ing upon application, cost, and desired performance. Said
generally, in one embodiment the energy devices correspond
to coils on a one-to-one basis, while in other embodiments
multiple coils correspond to a single energy storage device.

In one embodiment, an optional adhesive layer 334 is dis-
posed between the substrate layer 333 and the base layer 335.
The adhesive layer 334, which can be a double-sided layer,
works to keep the alignment of the substrate layer 333
between the interior layer 332 and the base layer 335. Mul-
tiple adhesive layers can be used between the various layers in
some embodiments, Note also that while the substrate layer
333 is illustrated in FIG. 3 as being beneath the interior layer
332, they could be in a different order without compromising
performance.

When a user presses on a key 302,303,304, this causes the
pliant material, which in this case is the interior layer 332, to
compress. This reduces the corresponding air gap 305 and
causes a change in the length of the closed loop 310. The
compression of the pliant material thus causes the inductance
defined by the closed loop 310 and the coil 311 to change. The
control unit 312 detects this change and compares it to a
threshold. If the change is greater than the predetermined
threshold, the control unit 312 discharges the energy storage
device 313 into the coil by closing a switch. As explained
above, this discharge causes the magnetically permeable
material 308 of the top layer 331 to be drawn toward the base
layer 335. Accordingly, the magnetically permeable material
308 of the top layer 331 further compresses the pliant layer
and further reduces the corresponding air gap 305 when the
energy storage device 313 is discharged into the coil 311. This
provides a satisfying tactile feeling to a user. After the energy
storage device 313 has been discharged into the coil 311, the
pliant layer is configured to relax, thereby returning key 302
to its original location.

Turning now to FIG. 4, illustrated therein is an exploded
view of an alternate user interface 401 configured in accor-
dance with one or more embodiments of the invention. The
user interface 401 of FIG. 4 is similar to the user interface
(301) of FIG. 3, and comprises a layered structure that are
stacked vertically to form the user interface 401.

As with FIG. 3, the illustrative user interface 401 of FIG. 4
includes atop layer 431, a base layer 435, and an interior layer
432. The top layer 431 defines one or more keys 402,403,404
However, rather than being flat as in FIG. 3, the keys 402,
403,404 of FIG. 4 are configured as raised elements. Accord-
ingly, it is the top layer 431, not the interior layer 432, that
defines the air gaps beneath each key 402,403,404. This illus-
trative embodiment is shown to demonstrate that any of the
various layers can be configured to be pliant or to define air
gaps in accordance with embodiments of the invention.

Since the top layer 431 defines the various air gaps, the
interior layer 432 of this illustrative embodiment need not
include apertures. However, apertures can be included to
create air gaps having larger volumes.

Another difference between the user interface 401 of FIG.
4 and that of FIG. 3 involves the base layer 435. While the
base layer (335) of FIG. 3 was uniformly magnetically per-
meable, in the embodiment of FIG. 4 the base layer 435 has
magnetically permeable material defining magnetically per-
meable segments 441,442,443 that correspond to each key
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402,403,404. For example, ferrite or other magnetically per-
meable materials can be integrated into another material, such
as a plastic layer, to form the magnetically permeable seg-
ments 441,442,443 . The function of the user interface 401 of
FIG. 4 is substantially the same as that of FIG. 3.

Turning now to FIG. 5, illustrated therein is a schematic
diagram of one explanatory circuit 500 suitable use in a user
interface configured in accordance with one or more embodi-
ments of the invention. Many of the components, including
the control circuit 512, the energy storage device 513, the coil
511, and the key 502 corresponding to the coil 511 have
already been described. FIG. 5 shows the remaining pieces to
better provide an illustration of how one or more of the
embodiments operate.

The control circuit 512 is operable with one or more
switches 550,551. Switch 550 can be closed such than an L-C
circuit including the coil 511 and the key 502 are coupled in
series. The inductance of this [.-C circuit is defined by the
magnetically permeable material and the coil 511, with the
capacitance representing parasitic capacitance of the user
interfaces described above. As shown in FIG. 6, the control
circuit 512 closes this switch 550 to enter a monitoring mode.
In the monitoring mode, user input being applied to the key
502 changes the electrical parameters of the L-C circuit. The
control circuit 512 can detect these changes through a sense
node 660. Where the changes exceed a predetermined thresh-
old, the control circuit 512 concludes that user input has been
applied.

The second switch 551 can be selectively closed to charge
the energy storage device 513. For example, in this explana-
tory circuit 500, a rechargeable cell 662 applies a current to
the energy storage device 513 to keep it charged.

When user input is detected, the circuit 500 enters its drive
mode, which is shown in FIG. 7. Turning to FIG. 7, the control
circuit 512 has opened switch 550 and has actuated switch
551 such that the energy storage device 513 discharges into
the coil 511. This discharge causes the key 502 to simulate a
popple tactile response as described above. Once the tactile
response is produced, the control circuit 512 can return switch
551 to the state charging the energy storage device 513 and
can again close switch 550 to enter the monitoring mode
shown in FIG. 6.

Turning now to FIG. 8, illustrated therein is a sectional
view of the user interface 301 of FIG. 3 that illustrates the
mechanical action occurring in accordance with one or more
embodiments of the invention. The user interface 301 of FIG.
3 is being used for explanatory purposes only.

At step 880, a key 302 of the user interface 301 is in a
non-actuated state. The top layer 331 sits adjacent to the
interior layer 332, which is adjacent to the substrate layer 333.
The base layer 335 is also adjacent to the substrate layer 333.
Magnetically permeable materials 308,309 in the top layer
331 and interior layer 332, working in tandem with the mag-
netically permeable base layer 335, define the closed loop
310. An air gap 305 is disposed beneath the key 302.

At step 881, a force 882 is applied to the user interaction
surface of the key 302. The force 882 translates the user
interaction surface of the key 302 along the z-axis 883 (in the
negative direction). This translation compresses the pliant
material of the interior layer 332, reduces the volume of the
air gap 305 and changes the length of the closed loop 310.
This change alters the electrical properties of the closed loop,
which can be sensed by a control device.

At step 884, the energy storage device 313 is discharged
into the coil 311. The ferrous material integrated with the
magnetically permeable material 308 forms an electromagnet
in the top layer 331. At this step 884, the electromagnet is
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energized and accelerates the key 302 downwards, causing
the key to “close.”” At step 885, the electromagnet will be
de-energized and will no longer hold down the key 302. The
key 302 will accelerate upwards to return to its normally open
position, shown at step 880. This simulates the popple effect
where the key is released.

Turning now to FIG. 9, illustrated therein is a method 900
of detecting user input with a user input device configured in
accordance with one or more embodiments of the invention.
The steps of FIG. 9 have largely been described above, and
thus will only cursorily be described here, as the function and
operation occurring in the devices above serve to form steps
of the method 900 that need not be repeated. In one or more
embodiments, the method 900 is suitable for execution by a
control device.

At step 901, the method 900 detects a change in an induc-
tance defined by a key structure comprising a plurality of
layers. Each key can comprise a magnetically permeable
material and a coil. The change in inductance is due, in one or
more embodiments, to a pliant layer compressing in response
to user input, thereby changing the electrical properties of an
L-C circuit formed by the coil and the magnetically perme-
able materials.

At decision 902, the method 900 compares the change
detected to a predetermined threshold. Where the change is
less than the predetermined threshold, the method continues
monitoring at step 903. In one embodiment, the various keys
are monitored serially. Accordingly, step 903 can include
monitoring the next key.

Where the change is greater than the predetermined thresh-
old, the method discharges an energy storage device into the
coil at step 904. In one or more embodiments, this step 904
comprises selectively actuate a switch coupled between the
energy storage device and the coil to discharge the energy
storage device into the coil. This discharge causes a pliant
layer of the plurality of layers forming the key corresponding
to the coil to compress.

At step 905, the method 900 stops discharge of the energy
storage device into the coil, thereby causing the pliant layer to
decompress or relax. In one embodiment, step 905 simply
comprises allowing the energy storage device to fully dis-
charge. In another embodiment, step 904 comprises opening
a switch to stop the discharge. Step 904 can optionally include
recharging the energy storage device after the discharging.
Once step 904 is complete, the method continues monitoring
by returning to step 901.

In the foregoing specification, specific embodiments of the
present invention have been described. However, one of ordi-
nary skill in the art appreciates that various modifications and
changes can be made without departing from the scope of the
present invention as set forth in the claims below. Thus, while
preferred embodiments of the invention have been illustrated
and described, it is clear that the invention is not so limited.
Numerous modifications, changes, variations, substitutions,
and equivalents will occur to those skilled in the art without
departing from the spirit and scope of the present invention as
defined by the following claims. Accordingly, the specifica-
tion and figures are to be regarded in an illustrative rather than
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a restrictive sense, and all such modifications are intended to
be included within the scope of present invention. The ben-
efits, advantages, solutions to problems, and any element(s)
that may cause any benefit, advantage, or solution to occur or
become more pronounced are not to be construed as a critical,
required, or essential features or elements of any or all the
claims.

What is claimed is:

1. A peripheral electronic device coupled to another elec-
tronic device, the peripheral electronic device comprising:

a user interface defining one or more keys along a major

face, wherein each key comprises:

a base layer, an interior layer, and a top layer, each
comprising a magnetically permeable material,
wherein one or more of the base layer, the interior
layer, and the top layer is compressible; and

a coil;

wherein the coil and the magnetically permeable mate-
rial define an inductance for the each key;

an energy storage device operable with the coil;

a control device operable with the energy storage device

and configured to discharge the energy storage device

into the coil when the inductance changes by at least a

predetermined threshold.

2. The peripheral electronic device of claim 1, wherein the
energy storage device comprises a plurality of energy storage
devices corresponding to the each key on a one-to-one basis.

3. The peripheral electronic device of claim 1, wherein the
interior layer comprises a thermoplastic polyurethane and
defines an air gap for each key between the top layer and the
base layer.

4. The peripheral electronic device of claim 1, further com-
prising a switch coupled between the energy storage device
and the coil, wherein the control device is configured to
selectively actuate the switch to discharge the energy storage
device into the coil.

5. The peripheral electronic device of claim 1, wherein one
of'the top layer, the base layer, or the interior layer defines an
air gap corresponding to the each key.

6. The peripheral electronic device of claim 1, wherein at
least one of the top layer, the base layer, or the interior layer
comprises a pliant material.

7. The peripheral electronic device of claim 6, wherein the
magnetically permeable material of the top layer defines a
magnetically permeable segment corresponding to, and
defining, the each key.

8. The peripheral electronic device of claim 7, wherein the
magnetically permeable segment is configured to compress
the pliant material when the energy storage device is dis-
charged into the coil.

9. The peripheral electronic device of claim 1, wherein the
magnetically permeable material comprises iron oxide.

10. The peripheral electronic device of claim 1, wherein the
base layer is rigid.

11. The peripheral electronic device of claim 1, wherein the
energy storage device comprises a capacitor.

#* #* #* #* #*
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